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-.. use TEXACO D-303 
MOTOR OIL 


For the long haul — over the roads and 





over the years —the lubricant to keep 
your heavy duty gasoline and diesel en 
gines on the road longer between major 
overhauls is Texaco D-303 Motor Oil 

lexaco D-303 Motor Oil is fully de- 
tergent and dispersive —cleans as it 
lubricates. Its extra resistance to oxida- 
tion keeps out harmful deposits 
keeps rings free for better compression 
and combustion. You get full, depend- 
able power, reduce fuel consumption 
and cut maintenance costs. 

Let a Texaco Lubrication Engineer 
help keep your equipment up, your costs 
down. Just call the nearest of the more 
than 2,000 Texaco Distributing Plants 
in the 48 States, or write: 

The Texas Company, 135 East 42nd 
Street, New York 17, N. Y. 


ue TEXACO \ubricants and Fuels — 


FOR THE TRUCKING INDUSTRY 
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FILTERS AND PURIFIERS FOR 
OIL CIRCULATING SYSTEMS 


HE operating and maintenance conditions wth malfunctioning of the lubricant can in actu- 
which prevail in a given system will dictate ality be traced to excessive product contamination in 
to a large extent the kind of performance that service and inadequate maintenance practices. 





can be obtained with the oil, the equipment’s life 


.% : . wk : mig tc a . le + cerry. 
blood. Good lubricating oils resist unfavorable con lhe contaminants encountered with oils in ser 


Ee ae ae 7 
ditions longer than lower quality oils; no oil, how ice and the detrimental effects associated with them 


- . ] 
C\ an resist these conditions indefinitely and 4" discussed 
ly, no oil can ever cure faulty operating con- Contamination from Extraneous Matter 


ditions, nor substitute completely for inadequat« Aa ; 
1. Dirt and dust common to the region in which 


Mamtenance, 

; : the equipment operates can gain entrance through 
OIL CONDITIONING breather lines, leakage, or when carried by moisture. 
IS GOOD INSURANCE It is important to realize the effect of such contami- 


nants On equipment wear, as catalysts in promoting 
oil oxidation and as emulsion stabilizers with 
water, promoting sludging conditions. Plugging of 
oil lines may result and the contaminant effect on 
water separating characteristics and foaming must 
also be considered. 


‘icating or hydraulic oil can become con 
during use even under the most closely 
CO d operating conditions, and especially 

tamination can be expected during periods 
of inctioning. Conditioning equipment is nec- 
¢ o remove these contaminants as soon as 


‘ ° , ee ») 7 stoy £ P . ‘ _ al. 
rf to insure long oil and equipment life. 2. Water from condensation, gland or seal leak 


ise, oil from contaminated systems can be “5° cooling coil leakage, CRE, CA COE SE of 
dr | frequently and replaced, but serious damage equipment parts. Phis contaminant promotes oil 
ca ult between changes. Adequate provision for oxidation and sludging and plays a part with dirt 
Foil id equipment protection through use of filters 1" forming emulsions with oil. Metals and metal 
or ifiers, or combinations of these can give sig- compounds that act as catalysts in promoting oil 


ry 


oxidation (i.e., zinc, copper, iron, lead, etc.) are 


nit! ntly extended equipment life with fewer oil et . 
considerably more active in the presence of mois- 


cn s. It is fully realized that a very definite 


iship exists between effective lubrication and = “FE. 
0 nliness, 3. Core sand that has remained in metal castings 
rience has shown that a great majority of — from the time they were formed in the foundry or 


plaints originally assumed to be associated metal particles from the time equipment was in the 
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Courtesy of The Sharples Corporation 


Figure 1 — Cut-away of centrifuge used for the purification 
of industrial oils. 


machine or repair shop can cause results similar to 
those described in Item 1. 

4. Metal particles due to disintegration or wearing 
of parts such as bearings, piston rings, gears, etc., 
lead to results similar to those described in Item 1. 

5. Carbon and other products of partial decom- 
position or oxidation resulting from destruction of 
oil or incomplete combustion of fuel (internal com- 
bustion engines) lead to further oil oxidation and 
sludge deposition within the oil system. Hard 
varnish-like deposits and coking may result at some 
points in the system. 

6. Fuel dilution (internal combustion engines) 
through faulty fuel systems or cold operation has an 
adverse effect on oil stability and can cause danger- 
ous reduction in oil viscosity. 

7. Anti-Freeze and cooling system chemicals from 
water leakage from cooling systems (internal com- 
bustion engines) can cause almost immediate oil 
sludging and some chemical changes may lead to 
engine seizure. 

8. Miscellaneous contaminants such as paint from 
inside surface coatings, asbestos, and packing mate- 
rial, etc., can plug oil lines and cause oil sludging. 
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Contaminants Resulting from Oil Oxidation 


1. Oil will deteriorate due to oxidation in +} 
presence of air or other oxygen containing mecia 
accompanied by high temperature service. Th 
process is catalyzed by metals and associated cor 
pounds especially in fine particle form. Some of th 
most usual active catalyzers are zinc, lead, iron, a: 
copper. Products of oxidation in the initial stay 
may be oil soluble but will become oil insolubl 
deterioration continues. 

2. Some oils deteriorate due to polymerizatio 
(linkage of unsaturated oil molecules to form pr 
gressively heavier molecules causing oil thicker 
ing), as a result of high as well as normal temper 
ture service. Products of polymerization will be « 
soluble at the start but they become oil insoluble « 
the process continues. 

3. Some oils develop sludge under lower tha 
normal temperatures of operation where product 
of contamination combine with the oil to form 
mayonnaise-like sludge emulsion. (e.g. in intern 
combustion engines) 

Once the process of oil oxidation starts, the sit 
ation becomes progressively worse since it 1s selt 
accelerating. The proper selection of oil and th 
proper selection of auxiliary equipment to main 
tain it in clean condition is necessary to obtain long 

















Courtesy of Bowser, Incorp 


Figure 2 — Automatic mechanical cylinder pressure filt«’ of 

the self-cleaning type. For use where filtering cycles are ong 

and where lubricants contain large quantities of fo: »ign 
suspended matter, 
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dation iipment life with minimum loss of down tim 
in tt low repair costs and to reduce the frequency of oil 
nities hanges and general overhauling. 
Th 
1 cor ey + lubricating oil clean was a logical devel 
of tl talone with fl d hi bri cation and both a 
n he perf f the steam turb / 
stare l combustion engine and the hydraulic sj 
uble ; e) ( e ¢ peration between the il supplier, 
) tf rey rd the / @ [ 
izatio filters and purifiers assures the consu) re he most 
m pr rouble-free operation and lowest overall operation 
ick [ 
~_ FILTER AND PURIFICATION 
= EQUIPMENT SELECTION 
he ultimate in oil conditioning equipment for 
ak maintaining oil cleanliness would be the incorpo- 
aan ration of a design to permit most ethcient purifica- 
Bs tion at the fastest rate involving the least cost and 
— S| Many factors must be considered in the sele 
— tion of such auxiliary equipment for a given unit. 
i a. Type and size of unit involved. 
's sell b. [ype of oil in use, viscosity, etc. 
nd th 
Main 
n long 





Figure 4—Cut-away of typical edge-type filter with stationary 


cleaner blades. Manual or motor drive turning of cartridge 
through one complete revolution combs out the filtering slots. 


cr 





. Economics. (Capital investment, installation 
and maintenance costs as compared to extend 
ed oil and equipment life.) 
d. Service involved and conditions of operation 
e. Volume of oil involved. 
Available space. 
g. Type and amount of contamination and com- 
binations of contaminants normally encoun- 
tered. 
Adaptability of unit to auxiliary equipment. 
Type and quality of fuel used (internal com- 
bustion engines only). 

No single method or system of purification is 
best suited for all operating conditions and equip- 
ment. What is entirely suitable for one may be in- 








t adequate for another and often a combination of 
" Fig) 3-—Cleanable, high flow rate elements for filtration  SYSt¢ms is necessary for most efficient purification. 
ilte «of do > .0015” spacing. Constructed of continuous metal 
re ong rib vound edgewise on perforated frame, Projections Auxiliary Equipment Available 
fo: sign for on ribbon provide spacing for oil flow and determine 7 a : ; 
size of particles to be retained. Oil purifying methods involve either batch oper- 
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ation, continuous in-service-operation, or a com- 
bination of these two. Batch operation may require 
equipment shutdown while change-over is accom- 
plished and unless two batches of oil are used, 
shutdown is necessary until the batch has been puri- 
fied. In addition, batch operation does not permit 
contaminant | as it occurs, so during the 
period of build-up serious changes can result. 

Oil conditioning is contingent upon two basic 
types of equipment. 


removal 





r Products Inc. 


Courtesy of Purolat 


Figure 5 — Resin impregnated pleated paper extended area 

filter are commonly used in internal combustion engine 

lubricating systems. Applicable to both full-flow, shunt and 

by-pass systems. Sequence of illustrations indicate the 
constructional features, 
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1. A system w hich can only remove insoluble 1 

terials. 

a. Settlers. 

b. Centrituges. 

c. Filters of the inactive type using cither gt 
ity Or pressure arrangement 

d. Metal strainers. 

A system which not only removes insolu 

materials but also the oil 

products. 

a. Filters of the active type containing Fulle: 


soluble oxidatio 


earth, charcoal, bone black or some type o 
activated alumina or clay. 

b. Water-washing to precipitate oil solu 
oxidation products followed by use of til 
settler, or centrifuge. 


Gravity Settling 

1. Settling Tanks. 

The simplest and most readily accomplis! 
means of effecting at least partial clarification ot 
used oil is to allow it to stand quietly for a time 
some form of settling tank. During this time, dé 
pending on the efficiency of settling and the decant 
ing facilities available, it is generally possible t 
remove suspended insoluble oxidized material, for 
eign particles, dirt and water. Gravity separation o! 
such oil contaminants is commonly used in systems 
with large volumes of oil and systems where water 
contamination is extensive. 

The equipment available for settling will control 
the effectiveness of the procedure. Some systems are 
designed to provide rest tanks, so arranged that tw: 
batches of oil are available which can be alternated 
in use. By means of bottom. drawoffs, adjustab 
pump-out lines or manual decanting of the cle: 
oil (in smaller units), the clarified oil is separated 
from the settled materials. Settling is most etfective 
in flat or horizontal tanks of minimum depth with 
sloping or trough bottoms. 


c 


a 


Oo 


Settling may be accomplished at any temperatur 
Some authorities believe that, where time will | 
mit, thorough clarification can be achieved at room 
temperature. However, it is generally accepted that 
the best results are obtair.ed at settling temperatures 
of 120-140°F., except in some steel mill operations 
where considerable water contamination has re- 
sulted in oil emulsification. Under such conditions, 
settlers may be heated at times to as high as 200 F. 
Excessively high temperatures or hot spots should 
be avoided to prevent the possibility of accelera ed 
oxidation. For this reason, heating coil temperatures 
should be accurately controlled. Saturated ste im 
usually not over 50#/sq. in. or preferably 
pressure exhaust steam or hot water should be u 
so that the skin temperature of the heating elem nt 
is not excessive. Little settling will occur while he 


= 
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ley 
il is being heated because of the convection cur- L10 —=— DIRTY OIL AND 
: ; , ChE ¥ A WATER FROM SYSTEM 
nts ¢ reated. Settling at low temperatures Is gener- 
lly not satisfactory because the rate of separation = 
as s retarded due to the higher viscosity of the oil. - 
Although gravity settling permits separation of 
: ; : 2 4 2 — : 
some of the soluble oxidation products, primarily 
: ‘ . - . .. > . 4 . IA 
l ‘ this system 1S used for the separation of water, | S 
OluD| re . . 7 j ; > ‘ 
nsoluble sludge, dirt, and other materials  suffi- 7 — 
dat ) ate a) : ae oe } : il | . > on cue >—— 0-0 
ciently different in gravity from the oil. 4 D J 
> BoA “er acs 
uller 2. Baffle Gravity Settlers. ay z} ae 
VDE ( (lor continuous, intermittent or batch purifi- | (3 
I 7) 
call n.) ™ 
| 
olub| A faster but generally less effective gravity set- | ay 
filter tling arrangement makes use of a bafHe or tray . _ CAG Bp Be afew] 3 
; re ! : Wy rsd ell ss mn) Oy Pe a 
arrangement to direct flow of oil in shallow layers nhiae ac 2 
oS a ° ° :.. nl aan f , 
Such a system is generally used where contamination SLT he > 
, . : : srae ey 
is heavy and where supplementary filtering equip- fot c 2 
— 
ent can be used. Otten this bate type gravity O OMPAR q 
lish settler is used in a compact unit as the initial purt- z 
7 ition stage to remove the bulk of insoluble con- | 4 
~~ taminants. The oil entering at the bottom passes | % 
— over a number of staggered trays at various levels 
ecant. (am 25 i works to the top of the unit where it overflows : 
ble t to a polishing unit of filters or an arrangement of FIG.A736-B N° 7-S 
Sa plate and frame presses. An automatic water ejector Courtesy of Wm. W. Nugent & Co., Inc. 
sila a is common to this type of unit which in some — Figure 7 — Gravity filter with automatic dirty filter alarm, 
ed operations is suitable for full flow continuous ®¥'tOmetic water separator and ventilator for continuous 
stems } operation. 
water opel tron 
>. Grail) T) els 
yntro! (Szmuilar to { 2] where rapid reconditioning 
NS are 4 f b diy CONlAMINAlTEd ¢ il 1S NeCES sary.) 
a te Plain open troughs can be used but the degree 
mated of purification is entirely dependent on the volume 
stable capacity of the trough and the rate of flow-through. 
clear § Baffles are usually employed to permit ejection of 
sao adiieinaieial 
rated , oil and water separately. 
ective ° a 
wil Centrifugal Treatment 
Centrifugal force is that force which tends to 
ature. impel matter outward from a center of rotation. 
I per: The amount of force is proportional to the distance 
soon of the object from the center of rotation and to the 
1 that « square of the speed of rotation. 
vag CF=1.42 x 10° DxN? conveniently expressed as 
tions a multiple of the gravitational constant 
¢ re CF=force 
Hons. D—diameter in inches 
OF y _ _N=rpm uss 
jould The centrifuge effectually frees an oil of sus- 
raed ZF pended insoluble oxidized material, foreign mineral 
tures matter, dirt, and water. It will not separate liquids 
te which have the same specific gravities. As with 
urtesy of Th sriges Filtration Co. ‘ * 5 . , ° 
wf : pines remanes settling and decantation, separation of oil con- 
ved Fi 5 — Extended area type cellulose disc packed filter taminants is made according to gravity, accelerated 
Ss »- Designed for high flow rates and large dirt holding = hy centrifugal force and is effective with any oil 
C the discs are packed in the cartridge with the filter ont 1ining impurities heavier tt | . ; 
€ ne } parating the oil inlet and oil outlet discs in the order “ = 5 } ' “se a ee nan the oul. 
ai eed The term “capacity” as applied to a centrifuge 
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Figure 8 — Absorbent-type 
‘ ? filter medium. Cellulose 
‘ * fibres are wound on an 
3 bs sis open metal case in honey- 
% ‘hal comb pattern to give true 
& depth filtration of precision 
Se 





“Sete tts re! ss 


ft 3 controlled density. 
eee a 


often is used loosely. A centrifuge may be said to 
have two capacities. 

1. Through-put capacity, which ts the total quan- 
tity of oil that can be put through the machine 
regardless of the degree of purification effected and 
without overflowing. 

2. Effective capacity, which is the quantity of oil 
that can be put through the machine with the 
desired degree of purification. 

Effective capacity depends upon used oil vis- 
cosity, temperature, degree of purification desired 
and persistency of emulsion if water is present. 

An oil purification centrifuge should always be 
set to operate by the two-liquid discharge method. 
This does not necessarily mean that water should be 
added at the centrifuge, but the discharge opening 
should be provided to emit any water which may 
be in the oiling system. 

Centrifuging is often referred to as ‘wet’ or 
“dry” according to whether or not water is inten- 
tionally added to the oil at the centrifuge. Some 
times wet centrifuging is not advisable but when 
it will work, cleaner oil will result from the con- 
trolled addition of water to the oil at the centrifuge. 
Centrifuging “wet’’ has the following advantages: 

1. The washing effect of water aids in the 
removal of oil insoluble impurities. 

2. The water carries away the lighter weight 
impurities which have a gravity approxi- 
mately that of water, permitting longer runs 
between cleanings of the centrifuge. 
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3. Some organic acids which may form fron 
oxidation in lubricating oil are more solubk 
in water than in petroleum oil and are thus 
removed, reducing rate of oxidation. 

The objections to ‘wet’ centrifuging include 

1. Water-washing may remove inhibitors fron 
some inhibited oils; for this reason it is not 
normally recommended for additive oils. 

2. If periodic cleaning of the centrifuge is neg 
lected, the water discharge outlet may plug 
causing the centrifuge to fill with wate: 
which wall pass to the system through th 


~ 


clean oil discharge. 

_ If the oil becomes dirty, emulsions may ox 
cur, aggravated by addition of water in such 
cases, and resulting in less purification. 

In a centrifuge bowl during Operation, a layer 


eo 


of water is formed surrounding a layer of oil, sin 
the water is heavier than the oil. The circular met 
ring* at the top of the bow! prevents that ports 
of water below the inner diameter from overtlow 
ing. The wider this ring or water dam, the thicke 
will be the layer of water in the centrifuge bow 
Since the depth of water under the ring dam | 
ances a combined depth of oil and water in th 
bowl, the dividing line between the oil and wat 
is not directly beneath the inside edge of the wate 
dam but is located well out in the bow] 

A loss of the water layer in the bowl from Icak 
age past a seal or from evaporation will permit the 
oil to discharge from the water outlet 


*The proper size of ring must be 
oil being used. 





Courtesy of Alsop Enginetring Corpo» ition 


Figure 9 — Cut-away view of disc packed absorbent cart: dge 

element. Lubricant fills the entire filter cylinder, passes thr ugh 

the disc sections from apove and below, then throug! the 
spacer plates to the common center outlet. 


[34] 


ca 


I 1954 


fron 
lubl 
thus 


ude 
ron 
» Nol 
S. 

neg 
plug 
vater 
. the 


y OC 


such 


VOTE 
ertlow 
thick 
bow 
m ba 
in th 
Wate 


wate 


Nn leak: 
nit the 





LUBRICATION 


In marine service and steel mill operations, the 
itrifuge is usually installed directly below the 
ravity settling tank from which it receives its oil 
ipply. The centrifugal purifier is widely used in 
such service. The purified oil is led back to the 
sump tank or polishing filters or directly to the 
bearings, according to the design of the system. 

The best results will be obtained by heating the 
oil to around 160°F. or slightly higher, depending 
on the viscosity, before passing it through the cen- 
trifuge. Heaters must always be handled very care- 
fully to prevent local overheating of the oil. 


Filters 

A filter is a mechanical device which acts as a 
barrier in the path of the oil and serves to remove 
the non-oil components Filter media may be solids 


such as porous m¢ al, metal screens, or composition 
cloth: or 


Fuller S 


materials: semi-solids such as paper or 
loose materials in powder form such as 
earth, bone-black, etc. 


A wide variety of filters are available today and 


1 
the proper selection depends upon ull knowledge 
of the conditions under which such a unit will be 
used and the types of contaminants to be encoun- 


‘ 
tered. For example, the most efficient filter for a 
given job may have an excessively high plugging 
rate and would not be practical 


Filters (with exception of flat strainers) are gen- 


| 
erally composed of suitable housings and filtering 


elements or cells. The various types, some of which 
nN Incorporate d intoa single compact unit, can 
be divided into four main categories 
Mechanical Filters. 

Metal screens. 

Edge-type filters. Cartridges of steel woo 

copper ribbons, or closely packed discs ot 

thin metal, or paper. 

Web-type filters. 

Extended area surface-type filters 

Bag-type filters. 

Fil crs in groups (a) and (b) are designed for 
us ressure circulating systems and will remove 
ci yntaminants such as metal chips, grit, scale, 
et oluble oxidized material is generally not 
rel | unless the size of the particles is suth- 
Cict irge to be caught by the filter element open- 
ings. Nor can soluble oxidized material, finely 
diy carbon particles, water, dust and the finer 
0 | materials be removed by such filters. Some 
ed e filters are made by packing cartridges 


yers of impregnated cellulose discs with 

layers of cellulose spacers or layers of 
scs with suitable spacers; the openings be- 
he discs determining the flow rate, con- 


nt capacity and efficiency. Others are made 
king cartridges with metal wool or by heli- 








Figure 10 — Cleanable all-wool felt filter cartridge over wire 
screen support for pressure circulating systems. 


cally winding impregnated cellulose or metal ribbon 
to form self-contained cylinders. Here again, the 
space between the metal wool strands or ribbon 
determines the flow rate, contaminant capacity and 
filter efficiency. 

(c) Web-type belt filters for filtering by gravity 
are used in open operation for continuous removal 
of large amounts of bulk contaminants where heavy 
contamination is a major problem. This rotating 
type of self-cleaning filter of reinforced close woven 
fabric is especially useful in the machine-tool field. 
The rate of oil flow through such a filter will depend 
on the oil viscosity, web thickness and degree of 
contamination. 

(d) The extended area filter is most generaliy 
used with internal combustion engines where only 
limited space is available. This type makes use of 
pleat-folded impregnated paper in replaceable car- 
tridges to give the largest possible filter surface 
area per unit volume. These filters do not channel 
as do most waste or bulk-type filters. In automotive 
truck and tractor systems where used extensively, 
they are either by-pass, full-flow, or shunt con- 
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Courtesy 


f Fram Corporation 


11 — Cut-away view of cellulose pack filter with 
replaceable cartridge. 


Figure 


nected and serve this type system very efficiently. 
The trend is toward the use of full-flow connection 
with suitable safety valves to guarantee oil feed to 
critical parts. For example, some automotive sys- 
tems with hydraulic valve lifters employ a com- 
bination full-flow by-pass system. The filter system 
is arranged to give full-flow filtered oil to the 
hydraulic valve lifters and by-pass arrangement for 
the rest of the lubricating system. Suitable safety 
valve arrangements insure oil flow at all times. The 
adoption of a system of this type serves to illus- 
trate the necessity of having clean, well-filtered oil 
supplied to the valve lifter continuously to prevent 
sticking and wear and resultant loss of power, noisy 
operation and high maintenance costs. Usually such 
filters are equipped with inserts that can be replaced 
at intervals as they become “‘loaded.”’ 

(e) Bag filters of re-enforced cloth construction 
are used a great deal for oil conditioning and may 
be employed alone or in conjunction with other 
systems. Some systems employ a compact unit com- 
bining gravity settlers in conjunction with a series 
of replaceable bags. The gravity dry process per- 
mits removal of water in the precipitation chamber 
and sludge and solids removal in the filter bag 
compartment. In the precipitation compartment oil 
passes upwards through a series of screen trays for 
removal of free moisture which is automatically 
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ejected from the bottom of this compartment. ‘|| 
oil overflows from the top trays into the bag fit 
compartment. In some systems the oil is forced iat 
the bags from the outside by gravity and clean « 
discharges from the spouts on top of the sul 
merged filter bags. When bags clog, oil level ris 
indicating need for cleaning. Manufacturers pr 
scribe materials for cleaning bags which will etic 
tively remove contaminants without excessive 
weakening the bag material. Most systems of th 
type are designed to permit removal of individu: 
bags for cleaning while the system is in operatio: 
Bag filters can be used efficiently for either co 
tinuous, by-pass or batch operation. 

For systems where relatively higher oil viscosit 
prevail, pressures of 20 to 40 p.s.i. are used inste: 
of gravity. When the pressure drop across the tilt 
exceeds a pres ribed value, bags are to be cleanc 
Metal gauze or cloth may be employed for su 
systems. Metal gauze may be required when sy: 
tems are equipped with automatic or manual clea 
ing devices. Some systems employ a series of ba 
filters in parallel, with bags interchangeable. R 
moval of one set of bags is permitted while « 
continues to flow through others. Use of such equi 
ment in excessively dirty systems may require ver 
frequent cleanings, the life of the bags being co 
tingent upon the frequency of cleanings. Bags a: 
fabricated usually of cotton-wool materials unles 
otherwise specified; synthetic fabrics such as dyne 
dacron and nylon have been used successfully und 
some conditions to give longer bag life. 

2. Magnetic Filters. 

Such filters are designed for the removal of mag 
netic metal particles originating from wear. The 
principal application is in the ferrous metals work 
ing industry. Most magnetic filters are permanet 
magnets, the efficiency being dependent upon th 
viscosity and rate of flow of the oil as well as the 
size of the particles to be removed. They require : 
minimum of maintenance and are used in continu 
ous operation for ind.vidual units where the o 
contaminant load is so great that the use of cartridg 
type filters alone is uneconomical. 

3. Absorbent Filters. 

Absorbent filters, which may be of bulk or car 
tridge-type, employ such materials as cotton w ast 
wood pulp or bark, wound yarn, nylon, felt, flanne 
wool, hair, paper, mireral wool, quartz, diatom | 
ceous earth, asbestos, etc. Absorbent filters not on! 
remove coarse contaminants but goa step fu -ther 
by removing more of the finely divided inso ubl 
oxidized materials, some moisture and some «cid 
formed through oil oxidation. Filtration is ac om 
plished by adhesion of contaminants to the sur acts 
of the filtering material and absorption by the o 
ponents of the filter due to porosity. Efficiency wi! 
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Courtesy of Honan Crane Corporation 


Figure 12 — Multi-cartridge refill-type depth filter for 
continuous operation in circulating oil systems. Employs either 
adsorbent or absorbent filter media. 


normally improve with use as a filter bed builds up. 
Excessive water contamination may materially re- 
duce the efficiency of such units, however, and 
preliminary heating, vacuum moisture removal or 
gravity settling methods are often employed with 
such filters when excessive water contamination is 
encountered. 

Depth-type filters require the oil to flow through 
a depth of filter medium and may be either of the 
replaceable cartridge or bulk type. The element 
itself will usually be in the form of a metal cylinder 
with an inner clean oil outlet tube. Oil will flow 
from the outside through the sock filter, perforated 
screen and filter depth to the outlet tube on the 
inside. Changes normally are controlled by noting 


[38 





March, 1°35 


pressure drop; excessive pressure drop indica‘ 
need for change. These can be of constant or grade 


a 
density. With the latter, the density can be contro! é 
radially and concentrically. Smaller particles ther: 4, 
fore can penetrate to greater depths in the tite (4 
and prevent early rapid sealing of surface w al 
resulting decreases in oil through-put. On by-pa Jy) 
or shunt connected systems, oil appearance can bk 4h 
noted or oil analysis may be required to indica: js 
when filters have become plugged. With deterge: 
oils, an examination of the filter itself is requir r 
to determine whether it has reached its useful |i lu 
Channelling is often encountered with some bu * 
type media and when such occurs, filtering cht} 
ciency is greatly diminished. 
Ad sorbent Filters. t¢ 
Adsorbent-type filters contain fuller’s earth, bo p 
black, charcoal or some active type of alumina t\ 
clay. In addition to removing coarse and fine « | 
taminants, filters of this type also remove solul A 
oxidized material. Since water tends to make t! n 


medium ineffective if there is much present in | tl 
oil, many adsorbent filters also contain 
media or other means for removing the wat 
With some clay type filters, the clay may 1 tl 
pack or channel and prevent further action 
the oil. 

In filters of this type, oil contaminants not « 
adhere to the surfaces of the filtering material 
also actually penetrate. This may be a disadvantag 
when dealing with an oil containing a chemi 
additive, for the filtering material may remove tl 
polar chemical detergent, corrosive or oxidation 
hibiting components. Obviously, extreme 
should be observed in applying adsorbent ty 
filters to a lubricating system. With straight 
eral oils, however, they have proven very ctte 
tive in increasing useful oil life. 

Adsorbent type filters are available alone or 
combination with absorbent and mechanical t 
in a single compact unit. The units may be repl. | 
able cartridge or bulk type. Filtering material « 
be procured for the bulk type so that the use 
fabricate his own refills. Knowledge of how to pa 
these filters, however. is of utmost importan et 
insure against channelling in use. For high fl 
rates, multiple cartridge units are advisable 

The objective is to remot: 
taminants as rapidly as possible through a 
as small as possible without removing oil add 
and at the same time permit adequate and u 
rupted flow of lubricant to the system. 


FILTER AND PURIFIER 
ARRANGEMENTS IN PRESSUR 
CIRCULATING SYSTEMS 


There are four commonly used methods 
stallation. 


absor! g 


; 3 
the harmful 


J 
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By-Pass method, perhaps the most common, 
operates on only a portion of the oil in the system 
and takes its supply off the main lubricant linc 
usually between the discharge pump and the lubri 
cant cooler. The amount by-passed is generally only 
approximately 10% of the quantity of oil circulated 
by the oil pump and this is returned generally to 
the sump. By this arrangement, the lubricated area 
is never aagebes with 100% purified oil. 

The 11 ent System makes use of 
auxiliary pac completely separate from the 


depen a sepa 
t 

ibricating system. Here a portion of the system 
| is pumped through the filter or purifier and 
returned directly to the sump or crankcase. 
The Shunt connection as used with cartridge fil- 
ters allows the flow of oil from the lubricating oil 
pump to pas through the oil filter. These shunt 
type filters are equipped with vehiad valves. The 
goes through the cartridges. 
become saturated with contami- 
divided. Part of the oil 


entire How of oil at first 
As the cartridges 
nants, the flow of oil 
then goes through the cartridge 
goes through the clean oil compartment where it 

ixes with the clean oil which has passed through 


The Fuall-flow connection as used with filters 1s 








and the balance 


identical with the shunt hook-up. Basically, the 
methods is that the 100% 
How filter must contain sufficient cartridges for a 
given unit to permit all of the oil entering the filter 
to pass through the cartridges without by-passing 
through the relief valves under normal! operating 
conditions 


ditference in the two 





In selecting a filter for a circulating oil system, 
' of compatibility of the al with the 
filter media should be considered. Some chemical 
additives used in some present-day oils may not 
filter media under 
lead to unsatisfac- 
short filter life. 


} , } 

yey , , , f } } 
he COnM pa ible Wil) a parti “Mid 
lhe condition f Wie ald may) 


tory filter performance and /or 


RANGE OF USAGE 
Ihe following covers a few of the fields where 
oil conditioning equipment is a must in maintain- 
ing oil quality level in service 


Internal Combustion Engines 


The oil filter or purifier is second only to the 
air cleaner in importance as auxiliary equipment 
for the internal combustion engine. Oil cleanliness 


has a directh measurable correlation with engine 













































































r METERING VALVE 4 
; coousr BE . OR ORIFICE 
{ Figure 13—Top view — 
}— -— Typical by-pass installa- 
ik i tion accomplished by in- 
‘ a ae stalling a tee in the line 
T | ENGINE TEE from the pressure lubri- 
cating oil pump to the 
lubricating oil cooler, al- 
| = ; PRESSURE lowing oil to by-pass to 
a paereait LUBE PUMP the filter through a meter- 
secoten ae ing valve or orifice. 
LUBE oar 
HEADER 
RETURN TO | 
CRANKCASE dé 
OR .. ~~ FROM FILTER Cdavieen ot the tetas 
SUMP TANK Filtration ¢ 
PRESSURE 4 pat 
LUBE PUMP { cece ie 
+ 
ENGINE —— SUCTION 
SUMP TANK 2 / ¥~PRESSURE 
y LUBE PUMP VALVE B 
wince TO 
ad GATE VALVE ‘FILTER H 
SUMP « Seana GATE 
AVENGING 7 Gate olL VALVE A R 
PUMP VALVE~a- FROM — COOLER et 
A 4 FILTER 
x 3 4 
ons ols — Ot FROM 
GATE VALVE ye 
CHECK VALVE 





Bottom left — Typical shunt installation in the pressure line. 


Bottom right — Typical 100% flow installation in the pressure line (Wet Sump Engine). 
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MW 
MACHINED MOUNTING PAD 
Attaches to machined engine {| 
block with 4 cap screw 
On OUTLET >| 
Cleon od collected nude element 
flows through passage in base Nl 
FILTERING MEDIUM OlL INLET costing to of gallery from which 
Of specicl paper, treated with Dirty off from the oi pump enters ol parts ore lubricated Cc 
thermo-setting resin, is woter- fiter shell through internal pos 
iets ee c 
SHELL BALL BY-PASS VALVE 
Of heavy gouge sivel Cpens agamst spring to permit t! 
unt oil to How to ofl gallery 
under pressure built up when 
spac element becomes filled with dirt. 0 
Holds element retainer ogoinst ] 
clement gosket assuring perfect 
Pr, BASE CASTING r 
cenren sruo cde w ver oh engin ek P 
Screws into base casting to hold 
shell securely Nn 
INTEGRAL GASKET 
Seals center stud against element Nn 
Pa GASKET } 
Seated on machined suocen. 
ELEMENT GASKET t 
Seats on element sealing retainer, 
= BELLOWS CONSTRUCTION HEAVY OUTER CASE 
Courtesy of AC Spark Plug Division Provides 10 nmes os much hiter Protects element in handling 
General Motors Corporation ing surface os convennonal depth 
type 
Figure 14 — Typical extended area type automotive cartridge filter for full-flow connection. By-pass safety 
valve is incorporated to permit flow of oil should filter become plugged on extended use. The resin 
impregnated filter paper element is formed into bellows proportioned to give each convolution ample oil 
passage and spaced to give optimum dirt and sludge capacity. 
wear, operating and maintenance costs, out-of -oper- the wide acceptability of the extended area 
ation time, length of time between overhauls, etc. There is a rapid trend towards the use of 
Equipment manufacturers and users feel that effi- full-flow design. Special design units are availal 
cient oil conditioning equipment, especially with to provide full-flow filtered oils to critical are 
full-flow continuous operation will result in 50% with shunt or by-pass filtered oils to less critic: 
reduction in wear and 50-60% reduction in overall areas. The ultimate is a unit designed to give hi 
costs. This is understandable when it is considered _ flow rates at very low pressure drops; to hav: 
that practically all of the contaminants described limited contaminant capacity and give efficic 
previously can be found in used internal combus- _ purification. 
tion engine oils at one time or another. Aside from ; ; ( 
engine wear, such contaminants contribute in no Automotive Service ( 
small way to bearing corrosion problems, oil line Space limitations necessitate the use of relative 
plugging with subsequent oil starvation, stuck small replaceable cartridge or replaceable unit fi 
valves and hydraulic valve lifters, ring sticking, — ters, and the widespread use of heavy-duty deterges: 
oil ring plugging, etc. additive oils generally restricts the filter media — 
Of the four types of internal combustion engines _ the absorbent-mechanical types. Wide usage is mac © 
in common use today, gasoline, gas, dual-fuel and — of folded, impregnated paper, replaceable cartridge 
Diesel, the latter is by far the dirtiest and gas is of the extended area type, waste packed cartridge 
the cleanest. Diesel operation therefore presents the of the depth type and paper or thin metal dis 
greatest problem in oil maintenance. cartridges of the edge type. These are in addition 
The seriousness of contaminated oil in modern — to the mechanical filter screens at oil pump intaki “% 
high speed, high compression engines of today and — which is standard equipment. 
the necessity of preventing contaminant build-up Most cars today come fully equipped with su 
in critical areas has brought about the widespread — auxiliary filters. Although the trend is towards tus 
use of heavy-duty high detergent motor oils. These flow oil filtration, the majority are installed 1 ¢) 
oils are essential with modern complex design by-pass or shunt arrangement. Some car a" 
engines to preserve the high power, high fuel econ- equipped with a full-flow filter in the oil sippy 4 
omy, trouble-free smooth operation available. They line to the hydraulic valve lifters where utmc st 0. | 
do not, however, eliminate the need for filters. cleanliness is imperative. The remainder 0 tk | 


Although a wide variety of filters and oil purifiers 
are used in stationary service, the space limitations 
of on-the-road units generally necessitate the use 
of relatively small filter cartridges. This explains 
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system works on by-pass filtered oil. Filte:s | 
by-pass or shunt arrangement effectively filt« + th 
oil that passes through them. However, suc @ 
rangements do not provide the lubricating sy tem 
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with fully faltered oil since such oil is returned 


from the filter to the crankcase. The lubricating 
is thus always supplied with a mixture of 
filtered and unfiltered oil. Full flow filters are 
equipped with relief by-pass valves to insure of 
continued oil supply in case of filter plugging. 
Although maintenance procedures vary greatly, 
the generally accepted practice is to sepiece filters 


or filter cartridges every 6000-7000 miles with 
1000-mile oil changes, except in cars equipped 


with hydraulic valve lifters where the prescribed 
practice is for 5000-mile filter changes with 1000- 


mile oil changes. 





Typical oil analysis after normal usage in auto 
motive road service with and without the use of a 


pleated paper extended area type replaceable car 


I ; 
tridge filter in by-pass connections. 


NO FILTER WITH FILTER 


New Used New Uvsed 

Solids, plus 

insoluble resins None 1.5 None 0.1 
Solids, % None 0.3 None 0.02 
I'YPICAL USED AUTOMOTIVE 
OIL ANALYSES 

Following Following 
Low High 
Temperature Temperature 
Operation Operation 
New Oil As Drained As Dra | 
Acid N 0.06 1.7 
Dilut ( 0.0 15.8 ().( 
Oil Insolubles, % 0.0 2.0 1.1 
Oil Soluble Oxida 

tion Products 0.0 0.20 3.09 
Acid on Oil 

Ins bles L/.2 5.5 
Acid on Soluble 

QO) on Products Ke >) 

Avo’ ge typical analyses of several low tempera 
ture re deposits found in the crankcases of 
auto e engines. 

ASRECEIVED OIL FREI 
Oil, 83.1 oh 
Wate 62 ay 
Gasol: Diluent, © 7 7.8 
Free ( on (Fuel Soot), “ 1.6 8. 
Oxid: Material, “ 0.8 By 
Free } ral Matter, “ 3.0 21.3 
Chic ( omponents Lead, Iron, 
Aluminum 
M Components Copper, Silica 
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ENGINE WEAR FILTER TESTS - 
EZ PARTIAL FLOW FLLTER 


Eas FULL FLOW FILTER 
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Figure 15 — Results of 5,000 miles of road testing on 25 


gasoline engine powered cars. The 100% of wear indicated is 
considered to be the amount of wear obtained without oil 
filters of any type. Results represent those obtained under 
average of driving conditions encountered in all parts of the 
ountry using all types cf fuel and all types of lubricating oil. 


Diesel Motive Service 

Here again, space limitations severely restrict the 
size and type of filter as it is used with on-the-road 
Diesels. The use of additive oils in this service 
further restricts the type of filter. Absorbent ma- 
waste (primarily cotton) and shredded 
redwood bark in replaceable cartridges (cloth socks 
reinforced with screen strainers) are finding wide- 
spread use in Diesel service. Extended area (pleated 


} 


terials of 





er) type cartridge filters are also used to some 


| 


° 4 1! 
extent in full-flow or by-pass connection. Because 


ot 


the relatively large fuel, soot and dirt contamina- 
and the widespread use of detergent oils the 
an efficient filter is of great 


proper seiection of 


Importance in Diesel maintenance. 


Industrial Service 

In industrial service, where space limitation is 
as important a factor, a number of satisfactory 
oil conditioning systems can be employed. In addi- 
tion to the wide variety of equipment used for 
individual engines for full-flow continuous or by- 
pass operation, portable purifiers and filters are 
often employed to service several engines. Diesels 
again present the greatest problem of oil purifi- 


cation. 


not 


Aircraft Service 

Oil purification and maintenance in service with 
aircraft reciprocating engines is very desirable and 
necessary to reduce engine wear and increase time 
between presently required overhaul periods. Success 
has been somewhat limited, however, because of the 
space restrictions, high oil flow rates and high oil 
pressure encountered. Absorbent cartridge filters 
in by-pass connection show little improvement in 
reducing engine wear. Airlines are currently investi- 
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Courtesy of Purolator Products Incorporated 


Figure 16 — Waste-packed filter element as employed in 
by-pass systems, 


gating the possibility of using (1) specially de- 
signed extended area filters in full-flow systems or 
(2) specially designed centrifugal purifiers in con 
tinuous by-pass arrangement. Additive engine oils 
for use in aircraft reciprocating engine service 
also promise some relief from deposits and wear 
on critical parts. 


Steam Turbines 

Oil conditioning equipment plays a most im- 
portant role in the preparation of new steam turbine 
lubricating systems, in the flushing of used systems 
and in the maintenance of lubricating oil during 
operation. 

Water, rust, dirt and wear particles are the con- 
taminants of principal concern in the maintenance 
of steam turbine lubricating systems. Present-day 
turbine lubricants are designed to afford top over- 
all performance and system protection even in the 
presence of these contaminants. Yet, with heavy 
contamination, assistance is required through use 
of auxiliary purification equipment to extend the 
useful life of the oil and prevent the eventual for- 
mation of sludge and rust. Highly refined oils with 
good water separating characteristics, incorporating 





March, 195 


a 


anti-rust and anti-oxidation addit 

are serving the needs of the steam turbine syster © 

in remarkable fashion. Relatively simple mai 

nance programs providing for oil conditions 

equipment will preserve these oil qualitics 

attord dependable lubrication for extended per 

Use of these additive oils prohibit employment | 

adsorbent type filter materials, although other 

fication designs can be used with entire satisfa 
Water contamination probably is of greatest 

cern. In addition to the problems of sludge for: 


anti-foam, 


tion and oil emulsification, excessive water 
cause depletion of the rust inhibitor and witho 


rusting can occur ata rapid rate. Rusting, espe 














Courtesy of Lhe Hilliard ¢ 
Figure 17 — Combination pack cartridges suitable for diret! 
connection to circulating systems on a full-flow, sh 1 9 
by-pass installation, 
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areas as in vgovernors, actuators, ctc., 


in critical 
cannot be tolerated 


Entrance of water may be: 


1. From steam leaks due to faulty shaft pack 
« glands or seals. 


ing Z 
2. Through leaks in cooling coils (salt water 
on marine units is even more dangerous). 


3 Condensation from moisture in the air. 
j. Above normal gland water temperatures. 


5. Steam blow-by when glands become scaled 
or vacuum is lost resulting in “steaming” of 


the bearing 


The use of dehumidifiers on tank breathers will 
help to reduce moisture contamination from con 
densation and in addition, any of the following 
auxiliary oil purification equipment may be used 
very effectively in maintaining turbine oil quality 
level. 

(a) Gravity Settlers 
for separation of excess water and suspended in 
soluble oxidized material, dirt, etc. Settling purih 
normally conducted by 
120-140° F. 
stand for several days. 


for batch treatment of oil 


heating oil to 


cation 1s | 
approximately and allowing oil to 

(b) Centrifuge treatment of oil for faster and 
more complete removal of contaminants as noted 
in (a). Centrifuges are generally connected to the 


sump [or intermittent or continuous handling of 


he oO 


pump. Wet centrifuging for removal of soluble oil 


The oil is supplied through an auxiliary 


oxidation products is generally only employed with 
treatment 
ls will cause inhibitor depletion 


mineral oils as such with in 


(c) Widespread use is made of filters adapted 


POLISHING FILTER 
/. 


to force-feed lubricating systems. Such filters are 
limited to mechanical or absorbent types except 
where straight mineral oils are employed. Compact 
filter units are also employed successfully working 
off the unit sump and generally are of the three 
compartment type. The first compartment is a series 
of battled trays for bulk water removal. The oil 
overflows from this precipitation compartment to a 
series of gravity filter bags from where it is pumped 
through cellulose polishing filters where the most 
finely divided particles of oxidized material and 
moisture in suspension are removed. 


In the cleaning of steam turbine lubricating oil 
systems,* continuous operation of the purification 
auxiliary equipment is essential to eliminate the 
materials and trash contaminants often 
left after assembly of the new or repaired system 
and the sludge, rust, dirt, etc., loosened in used 
systems 


abrasive 


Hydraulic Oils 


Oil cleanliness is of paramount importance in 
hydraulic systems. 


The same types of oils as used in steam turbine 
lubricating systems are generally employed in hy- 
draulic service. These are highly refined, inhibited 
oils with good water-separating characteristics. The 
fact that they are of the inhibited type precludes 
the use of adsorbent type (active) filters, although 
in systems employing straight mineral oils, such 
active filters can be used to advantage. Other puri- 
fication equipment as described under Steam Tur- 
bine Oils can be used. 


* Prac s for the preparation of new systems, for the cleaning of 
1 rification of turbine oils have been 


iS and for the pu 
1 Joint ASTM-ASME Committee on Turbine Lubri 
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Courtesy of Bowser, Incorporated 


Figure 18 — Typical oil conditioning unit for steam turbine lubricating system. 
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Courtesy of The DeLaval Separator ( 


Figure 19 — Sectional view of a centrifugal purifier bowl 
used for removing water and dirt from oil. The bowl is fitted 
with a series of conically shaped discs which divide the oil 
into a large number of thin layers. Rapidity and effectiveness 
of purification is based on this thin strata distribution principle. 


Under normal operating conditions in a closed 
hydraulic system using inhibited oils, the quantity 
of contaminants entering the lubricating system will 
be small. However, when one considers the possible 
damage to expensive precision-made valves or 
pumps that may result from the presence of im- 
purities, it can be realized that the use of oil 
purification equipment can be real economy. 

The type of purification equipment will be de- 
termined by the types and amounts of contaminant. 
Large systems where water contamination is rela- 
tively heavy usually employ gravity settling tanks 
for batch purification or centrifuges for continuous 
or intermittent purification during service. Others 
can be satisfactorily handled by use of absorbent 
or mechanical filters, in intermittent or continuous 
by-pass or full-flow arrangement for removal of 
dirt, dust, oxidation products, moisture, etc. Strain- 
ers are usually employed in the suction from the 
sump while replaceable cartridge mechanical or 
absorbent types are connected on the pump pres- 
sure side. 


Where a number of units are operating, a port- 
able conditioner is often employed and operated 
on shunt connection to the various individual unit 
sumps. 


Steel Mills 


Contamination of heavy circulating oils is o1 
problem ever present in steel mill operation. [1 
main contaminants are water, mill scale, and 
The mill scale and dirt are abrasive and serv 
stabilize emulsions formed from the admixtur: 
lubricating oil with the large quantities of wat 
that get into the lubricating system. The job 
keep the lubricants as free of these contaminat 


as possible. The large quantities of oil and the his 
degree of contamination encountered often n« 
sitates the use of both continuous and batch pur 
fication. 


The fact that water contamination is a sever 
problem necessitates the use of circulating oils wit 
good W ater-separating characteristic Ss. However In- 
adequate purification eventually results in the for- 
mation of stable emulsions and siudge which make 
subsequent purification considerably more dithcul 


The elaborate oil conditioning systems employe 
generally consist of two or more gravity settling 
tanks for batch removal of bulk contaminants an¢é 
finally polishing cartridge or bag filters and or 
magnetic strainers for removal of small mill scale 
particles. Compact combination unit purifiers are 
popular for this polishing step and combine a wate 
or sludge precipitation compartment and a seri¢ 
of cloth bag filters stretcned over wire frames 
Metal gauze bags are also used in this combinatio: 
unit where automatic cleaning of bags by manua 
or automatic knife or brush scraping is desired 


Where continuous gravity settling is desired as i 
Cold Strip Mill operation, the system is equippe 
with a baffled settling tank and a storage suppl) J 
tank. The baties arranged in the oil inlet side o 4 
the settler permit slow movement of oil and mor 
efhicient separation of the water and dirt whi 
settles to the bottom and is easily removed. T! 
clean oil overflows the baffles to the clean oil co: 
partment where it is drawn off continuously, fe 
to a centrifuge or filter, and thence to the oil 
ply tank. Filters especially adapted to this servic 
for continuous operation are available which w 
remove foreign particles down to a few microns 
in size. 


7 





CONCLUSION 

Once it is realized that most dependable anc eco 
nomic lubrication will result through the selection 0! 
the most effective lubricant and the use of p: opt 
auxiliary equipment to maintain it in clean c¢ \ndr 
tion, the solution to the majority of lubric tio! 
problems existing in circulating oil systems toc 1y 8 
attained. It is hoped that the foregoing will ; rove 
helpful as a guide in the selection of such ¢ ulp- 
ment. 


Printed in U 
[44] Salley & Coll 
305 East 45t 
New York 17 
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HE turbine shown is lubricated with Texaco 

Rega! Oil (R & O). This is the oil that tests 
prove has more than ten times the oxidation- 
resistance of ordinary turbine oils, and far supe- 
rior rust- and foam-inhibiting ability. 

Because Texaco Regal Oil (R & O) does such a 
fine job of keeping turbine systems clean, you can 
count on keeping bearing temperatures normal 
and govcrnor response instantaneous. You can 
also count on extra-long service from the oil 
itself, 





There is a complete line of Texaco Regal Oils 
(R& O)... for every type and size of turbine, 
every Operating condition. They meet the strin- 
gent requirements of all leading turbine builders. 

Let a Texaco Lubrication Engineer show you 
the benefits of using Texaco Lubricants through- 
out your plant. Just call the nearest of the more 
than 2,000 Texaco Distributing Plants in the 48 
States, or write: 

The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 


TEXACO Regal Oils (R& 0) 





FOR ALL TURBINES 





YOU CAN cut fuel consumption by effective 
lubrication —that is, using the oil that is ex- 
actly suited to your engines and operating 
conditions. This would be one of the famous 
Texaco Ursa Oil series—a complete line ot 
lubricating oils especially refined to make 
diesel, gas and dual-fuel engines give more 
power with less fuel over longer periods be- 
tween overhauls. 

The Texaco Ursa Oil series is approved by 
leading engine builders and preferred by 
operators everywhere. In fact— 

For over 20 years, more stationary diesel 

h.p. in the U.S. has been lubricated with 

Texaco than with any other brand. 

A Texaco Lubrication Engineer will gladly 
help you select the proper one for your en- 
gines. Just call the nearest of the more than 
2,000 Texaco Distributing Plants in the 48 
States, or write: The Texas Company, 135 
East 42nd Street, New York 17, N. Y. 




















THE TEXAS COMPANY e TEXACO PRODUCTS e DIVISION OFFICES 

NTA 1, GA., 864 W. Peachtree St., N.W. HOUSTON 1, TEX 720 San Jacinto Street 
ON 17, MASS......20 Providence Street INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
14 Lafayette Square Casal LOS ANGELES 15, CAL... .929 South Broadwoy 

220 North Alaska Street ! MINNEAPOLIS 3, MINN....1730 Clifton Place 

ICAGO 4, ILL... ..332 So. Michigan Avenue NEW ORLEANS 12, LA 1501 Canal Street 
DALLAS 2, TEX 311 South Akard Street NEW YORK 17, N. Y.....205 East 42nd Strect 
DENVER 5, COLO 1570 Grant Street NORFOLK 1, VA... .Olney Rd. & Granby Stre«t 


SEATTLE 11, WASH 1511 Third Avenue 
Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limite: 














